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LYNCHBURG AREA IMPAIRMENTSLYNCHBURG AREA IMPAIRMENTS



WATERSHED WITHIN WATERSHED WITHIN 
LOCALITIESLOCALITIES

Locality
Total

Watershed
Acreage in 

% of 
County in 

Acreage County Watershed
Amherst Co. 303,115 46,356 15.3%
Bedford Co. 489,729 29,400 6.0%
Campbell Co. 323,729 11,800 3.6%
Lynchburg City 31,661 31,661 100.0%

Locality



TMDL DEVELOPMENT PROCESSTMDL DEVELOPMENT PROCESS

WATERSHED HISTORYWATERSHED HISTORY
Characterize watershed and identify critical Characterize watershed and identify critical 
contamination conditionscontamination conditions

SOURCE ASSESSMENTSOURCE ASSESSMENT
Identify and quantify pollutant sourcesIdentify and quantify pollutant sources

MODELINGMODELING
Link pollutant sources to stream water qualityLink pollutant sources to stream water quality

ALLOCATIONALLOCATION
Develop and evaluate allocation scenarios Develop and evaluate allocation scenarios 



WATERSHED HISTORYWATERSHED HISTORY

Characterize watershedCharacterize watershed
SizeSize
Land useLand use
SlopeSlope
Soils and geologySoils and geology
Stream channel dimensionStream channel dimension

Identify critical contamination conditionsIdentify critical contamination conditions
Timeseries of bacteria concentrationTimeseries of bacteria concentration
SeasonalitySeasonality
Bacteria concentration versus flowBacteria concentration versus flow



WATERSHED CHARACTERISTICSWATERSHED CHARACTERISTICS

0.60.678.578.55.85.815.115.113.113.1Judith CreekJudith Creek
(VAC(VAC--H03R)H03R)

Land useLand use

16.416.4

7.07.0

6.56.5

26.926.9

14.214.2

28.728.7

AgriculturalAgricultural

(%)(%)

6.76.7

54.754.7

44.744.7

27.927.9

39.339.3

7.17.1

Residential/Residential/
CommercialCommercial

(%)(%)

0.50.546.046.010.310.3Burton CreekBurton Creek
(VAC(VAC--H03R)H03R)

0.40.444.844.88.28.2Tomahawk CreekTomahawk Creek
(VAC(VAC--H03R)H03R)

0.80.863.463.437.437.4Ivy CreekIvy Creek
(VAC(VAC--H03RH03R--03)03)

2.42.474.474.4100.4100.4James RiverJames River
(VAC(VAC--H03RH03R--04)04)

0.20.238.138.17.27.2Fishing CreekFishing Creek
(VAC(VAC--H03RH03R--02)02)

0.70.748.148.19.69.6BlackwaterBlackwater CreekCreek
(VAC(VAC--H03RH03R--01)01)

Water/Water/

WetlandWetland
(%)(%)

ForestForest

(%)(%)

DrainageDrainage
SizeSize

(sq. mi.)(sq. mi.)

ImpairmentImpairment



BACTERIA TIMESERIESBACTERIA TIMESERIES
Fishing Creek (2Fishing Creek (2--FSG000.85)FSG000.85)

16 OF 70 (23%) 
MEASUREMENTS IN 

VIOLATION OF STANDARD
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BACTERIA SEASONALITYBACTERIA SEASONALITY
BlackwaterBlackwater CreekCreek

16 OF 70 (23%) 
MEASUREMENTS IN 

VIOLATION OF STANDARD
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Includes data from all DEQ stations on waters 
flowing into the James River by way of 
Blackwater Creek 
Data taken from November 1970 to June 2003



BACTERIA SEASONALITYBACTERIA SEASONALITY
Fishing CreekFishing Creek

16 OF 70 (23%) 
MEASUREMENTS IN 

VIOLATION OF STANDARD
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Includes data from all DEQ stations on waters 
flowing into the James River by way of
Fishing Creek
Data taken from September 1988 to June 2003



BACTERIA SEASONALITYBACTERIA SEASONALITY
Judith CreekJudith Creek

16 OF 70 (23%) 
MEASUREMENTS IN 

VIOLATION OF STANDARD
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Includes data from all DEQ stations on waters flowing into 
the James River by way of Judith Creek
Data taken from August 2003 to May 2006



BACTERIA SEASONALITYBACTERIA SEASONALITY
James RiverJames River

16 OF 70 (23%) 
MEASUREMENTS IN 

VIOLATION OF STANDARD
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Includes data from all DEQ stations on the James 
River
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BACTERIA VS. FLOWBACTERIA VS. FLOW
Fishing Creek (2Fishing Creek (2--FSG000.85)FSG000.85)
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SOURCE ASSESSMENTSOURCE ASSESSMENT

ChickenChicken

Sanitary SewerSanitary Sewer

DucksDucks

GeeseGeese

TurkeysTurkeys

BeaversBeavers

MuskratsMuskrats

RaccoonRaccoon

DeerDeer

WildlifeWildlife

TurkeyTurkey

SwineSwine

HorsesHorses

Dairy & Beef CattleDairy & Beef Cattle

AgriculturalAgricultural

Dogs / CatsDogs / Cats

Biosolids ApplicationsBiosolids Applications

Failing Septic SystemsFailing Septic Systems

Straight PipesStraight Pipes

Permitted DischargesPermitted Discharges

Human and PetsHuman and Pets

Source / Animal TypeSource / Animal TypeSource CategorySource Category



HUMAN SOURCESHUMAN SOURCES

Sanitary sewerSanitary sewer
Loading type Loading type 

Overflows & exfiltrationOverflows & exfiltration
Age, size, material of pipesAge, size, material of pipes

LandLand--applied / direct depositionapplied / direct deposition
Loading typeLoading type
Proximity to streamProximity to stream

Population, houses, onsite treatment system based Population, houses, onsite treatment system based 
on U.S. Census Bureau, municipality, & Eon U.S. Census Bureau, municipality, & E--911 data 911 data 



PERMITTED POINT SOURCESPERMITTED POINT SOURCES

Virginia Pollution Discharge Elimination SystemVirginia Pollution Discharge Elimination System
TypesTypes

Municipal, industrial, generalMunicipal, industrial, general
Municipal separate storm sewer systems (MS4)Municipal separate storm sewer systems (MS4)

CategoriesCategories –– major, minor, generalmajor, minor, general



PERMITTED DISCHARGESPERMITTED DISCHARGES

WATER
BODY

PERMIT # FACILITY NAME
FACILITY

TYPE
FACILITY

CATEGORY
DESIGN
FLOW

PERMIT
AVE.

FLOW

RECEIVING
STREAM

VAC-H03R VA0063657 Amherst Co Service Auth-Ivanhoe Forest Sub Municipal Minor 0.0015 0.015 Fawn Creek, UT

VAC-H03R VA0027618 US Department of Labor-Rescare Incorporated Municipal Minor 0.04 0.04 Harris Creek

VAC-H03R VA0091162 Boonsboro Country Club Municipal Minor 0.015 0.015 Judith Creek, UT

VAC-H03R VA0051888 Lynchburg City Abert Water Filtration Plant Industrial Minor 0.265 NL James River, UT

VAC-H03R VA0024970 Lynchburg City Sewage Treatment Plant Municipal Major 22 22 James River

VAC-H03R VA0087114 American Electric Power - Reusens Hydro Plan Industrial Minor 0.177 NL James River

VAC-H03R VA0002925 Griffin Pipe Products Company - Lynchburg Industrial Minor 0.04 NL James River



OTHER PERMITTED LOADS/DISCHARGESOTHER PERMITTED LOADS/DISCHARGES

• Municipal separate storm sewer systems (MS4s)

• Combined sewer overflow (CSO) 

•132 original overflow points reduced to 35

•78% reduction in loading to streams

•Estimate 30 years to eliminate remaining 35 CSO overflow 
points

•2002 Annual load:

- 88 MG flow

- 1.0751 E+16 cfu fecal coliform



REMAINING CSO POINTSREMAINING CSO POINTS



HUMAN SOURCESHUMAN SOURCES

Failed septic systemsFailed septic systems
Failure to soil  surface throughout yearFailure to soil  surface throughout year
Failure rate based on age of homeFailure rate based on age of home

Straight pipesStraight pipes
Direct continuous input to streamDirect continuous input to stream
Based on proximity to stream and Based on proximity to stream and 
house agehouse age

Biosolids applicationsBiosolids applications
Records kept by Virginia Department of Records kept by Virginia Department of 
HealthHealth
LandLand--appliedapplied

Failed Septic SystemFailed Septic System

Straight PipeStraight Pipe



PET SOURCESPET SOURCES

American Veterinary Medical Association estimates American Veterinary Medical Association estimates 
0.53 dogs and 0.60 cats per household0.53 dogs and 0.60 cats per household
Potentially updated through veterinarians, animal Potentially updated through veterinarians, animal 
control, treasurer, and residentscontrol, treasurer, and residents

Population = population density * housesPopulation = population density * houses

LandLand--appliedapplied



HUMAN AND PET SOURCESHUMAN AND PET SOURCES

5,8665,8665,1835,1839,7739,77325,60025,600James RiverJames River

(VAC(VAC--H03RH03R--04)04)

8328327357351,3851,3853,6333,633Judith CreekJudith Creek

(VAC(VAC--H03R)H03R)

2,2432,2431,9811,9813,7373,7379,3509,350Fishing CreekFishing Creek

(VAC(VAC--H03RH03R--02)02)

5,1865,1864,5814,5818,6418,64120,58120,581BlackwaterBlackwater CreekCreek

(VAC(VAC--H03RH03R--01)01)

2,0852,0851,8421,8423,4753,4758,7108,710Tomahawk CreekTomahawk Creek

(VAC(VAC--H03R)H03R)

2,7472,7472,4272,4274,5764,57613,37413,374Burton CreekBurton Creek

(VAC(VAC--H03R)H03R)

3,9053,9053,4493,4496,5066,50615,97715,977Ivy CreekIvy Creek

(VAC(VAC--H03RH03R--03)03)

CatsCats
(#)(#)

DogsDogs
(#)(#)

Housing UnitHousing Unit
(#)(#)

Human Pop.Human Pop.
(#)(#)

ImpairmentImpairment



LIVESTOCK SOURCESLIVESTOCK SOURCES

PopulationPopulation
Virginia Agricultural StatisticsVirginia Agricultural Statistics
Confined Animal Feeding Operation Confined Animal Feeding Operation 
Consultation with SWCD, VADCR, Consultation with SWCD, VADCR, 
VCE, NRCS, and producersVCE, NRCS, and producers
Windshield survey Windshield survey 

Distribution of wasteDistribution of waste
Confined: waste collected and spreadConfined: waste collected and spread
Pastured: landPastured: land--appliedapplied
Stream access: direct depositionStream access: direct deposition
Imported sourcesImported sources

Seasonal varying applicationsSeasonal varying applications



LIVESTOCK SOURCESLIVESTOCK SOURCES

00000000282800146146Judith CreekJudith Creek
(VAC(VAC--H03R)H03R)
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00

00

00
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TurkeyTurkey
(#)(#)

00

00
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00

00

00

ChickenChicken
(#)(#)

217217

00

00

1313

22

143143

HorseHorse
(#)(#)

00

00

00

00

00

00

SheepSheep
(#)(#)

00

00

00

00

00

00

SwineSwine
(#)(#)

001,7281,728James RiverJames River
(VAC(VAC--H03RH03R--04)04)

0000Fishing CreekFishing Creek
(VAC(VAC--H03RH03R--02)02)

0000BlackwaterBlackwater CreekCreek
(VAC(VAC--H03RH03R--01)01)

009595Tomahawk CreekTomahawk Creek
(VAC(VAC--H03R)H03R)

003030Burton CreekBurton Creek
(VAC(VAC--H03R)H03R)

8080748748Ivy CreekIvy Creek
(VAC(VAC--H03RH03R--03)03)

DairyDairy++

(#)(#)
Beef*Beef*

(#)(#)
ImpairmentImpairment

* Cow/calf pairs; + Milking herd



WILDLIFE SOURCESWILDLIFE SOURCES
Populations based on habitat and population Populations based on habitat and population 
densities provided by Virginia Department of densities provided by Virginia Department of 
Game and Inland Fisheries biologistsGame and Inland Fisheries biologists

Distribution of waste based on habitatDistribution of waste based on habitat
LandLand--appliedapplied

Direct deposition to streamDirect deposition to stream

Seasonal variations based on migration patterns Seasonal variations based on migration patterns 
and food sourcesand food sources



WILDLIFE SOURCESWILDLIFE SOURCES

4194191351353863862102102,7772,7772,7012,7012,0892,089James RiverJames River

(VAC(VAC--H03RH03R--04)04)

8080181850503838407407344344304304Judith CreekJudith Creek

(VAC(VAC--H03R)H03R)

551010282888474711111133Fishing CreekFishing Creek
(VAC(VAC--H03RH03R--02)02)

99131337371818676719919944BlackwaterBlackwater CreekCreek
(VAC(VAC--H03RH03R--01)01)

18181111313118182282281951956969Tomahawk CreekTomahawk Creek
(VAC(VAC--H03R)H03R)

14141414404020202082082332332323Burton CreekBurton Creek
(VAC(VAC--H03R)H03R)

175175505014414495951,6311,631910910815815Ivy CreekIvy Creek
(VAC(VAC--H03RH03R--03)03)

TurkeyTurkey
(#)(#)

DuckDuck
(#)(#)

GeeseGeese
(#)(#)

BeaverBeaver
(#)(#)

MuskratMuskrat
(#)(#)

RaccoonRaccoon
(#)(#)

DeerDeer
(#)(#)

ImpairmentImpairment



BACTERIAL SOURCE TRACKINGBACTERIAL SOURCE TRACKING

Report provided by VADEQReport provided by VADEQ
Provides relative contribution of bacteria Provides relative contribution of bacteria 
sources (i.e., human, pets, livestock, sources (i.e., human, pets, livestock, 
wildlife) to bacteria concentration in water wildlife) to bacteria concentration in water 
samplessamples
Presence / Absence Presence / Absence 

90% confidence that indicated proportions for 90% confidence that indicated proportions for 
each sample are within 15% of sampled each sample are within 15% of sampled 
populationpopulation

Presence = proportional contribution > 15%Presence = proportional contribution > 15%



MODELINGMODELING
Link pollutant sources to stream water qualityLink pollutant sources to stream water quality
Approach includes use of JRApproach includes use of JR--11

Upper limit of Middle James River watershedUpper limit of Middle James River watershed
No impairment No impairment –– no reductions no reductions 

Mathematically represent processes that are occurring in Mathematically represent processes that are occurring in 
the watershedthe watershed
ProcessesProcesses

HydrologyHydrology –– water balancewater balance
Water quality Water quality -- pollutant fate and transportpollutant fate and transport

Accuracy EvaluationAccuracy Evaluation
Based on observed dataBased on observed data

Flow: USGS gauge = model outputFlow: USGS gauge = model output
Bacteria: VADEQ station = model outputBacteria: VADEQ station = model output



MODELINGMODELING

Hydrologic Simulation Program Hydrologic Simulation Program -- FortranFortran
Developed by USGSDeveloped by USGS

Simulates point and nonSimulates point and non--point sourcespoint sources

Temporal variations in pollutant loadingsTemporal variations in pollutant loadings
Seasonal patterns in climatic dataSeasonal patterns in climatic data



HYDROLOGIC MODELINGHYDROLOGIC MODELING

interflow



HYDROLOGIC MODELING HYDROLOGIC MODELING 
COMPONENTSCOMPONENTS

Land useLand use
Climatic dataClimatic data

TopographyTopography
SoilsSoils
Stream channel characteristicsStream channel characteristics

Point source discharge / withdrawalPoint source discharge / withdrawal
Flow dataFlow data



NCDC PRECIPITATION NCDC PRECIPITATION 
STATIONSSTATIONS

PresentPresentJunJun--3434LynchburgLynchburg440860440860Lynchburg Regional Airport Lynchburg Regional Airport 

PresentPresentOctOct--9797LynchburgLynchburg442159442159Lynchburg No 2Lynchburg No 2

PresentPresentAugAug--4848LynchburgLynchburg442155442155Lynchburg 7 St Lynchburg 7 St BrgBrg

Period of RecordPeriod of RecordLocalityLocalityCOOP IDCOOP IDStation NameStation Name



USGS GAUGING STATIONSUSGS GAUGING STATIONS

3,683.03,683.0presentpresentAprApr--2727JAMES RIVER AT BENT CREEKJAMES RIVER AT BENT CREEK0202600002026000

3,259.03,259.0presentpresentAprApr--2727JAMES RIVER AT HOLCOMB ROCK, VAJAMES RIVER AT HOLCOMB ROCK, VA0202550002025500

91.091.0SepSep--5656OctOct--4242
PEDLAR RIVER NEAR PEDLAR MILLS, PEDLAR RIVER NEAR PEDLAR MILLS, 

VAVA
0202500002025000

2.42.4MarMar--7575FebFeb--6666
BURTON CREEK TRIBUTARY BURTON CREEK TRIBUTARY ––

PEAK FLOW ONLYPEAK FLOW ONLY
0202580002025800

DrainageDrainage
(sq. mi.)(sq. mi.)

Period of RecordPeriod of Record
From          ToFrom          ToSite NameSite NameSiteSite

NumberNumber



WATER QUALITY MODELINGWATER QUALITY MODELING

interflow



WATER QUALITY MODELING WATER QUALITY MODELING 
COMPONENTSCOMPONENTS

SourcesSources
Fecal productionFecal production

Fecal coliform densitiesFecal coliform densities

Fecal coliform distributionFecal coliform distribution

Delivery mechanismsDelivery mechanisms
DirectDirect

LandLand--appliedapplied

Temporal variationTemporal variation



DEQ MONITORING STATIONSDEQ MONITORING STATIONS

22--JMS258.54JMS258.54James River (VACJames River (VAC--H03RH03R--04)04)

22--JTH001.52JTH001.52Judith Creek (VACJudith Creek (VAC--H03R)H03R)

22--FSG000.85FSG000.85Fishing Creek (VACFishing Creek (VAC--H03RH03R--02)02)

22--BKW000.40BKW000.40BlackwaterBlackwater Creek (VACCreek (VAC--H03RH03R--01)01)

22--THK001.31THK001.31Tomahawk Creek (VACTomahawk Creek (VAC--H03R)H03R)

22--BUN001.64BUN001.64Burton Creek (VACBurton Creek (VAC--H03R)H03R)

22--IVA000.22IVA000.22Ivy Creek (VACIvy Creek (VAC--H03RH03R--03)03)

DEQ StationDEQ StationImpairmentImpairment



ALLOCATIONALLOCATION

Calculate existing loads for all sourcesCalculate existing loads for all sources

Create load reduction scenariosCreate load reduction scenarios
Run model with scenariosRun model with scenarios
Calculate water quality standard (WQS) Calculate water quality standard (WQS) 
violation rateviolation rate
Select scenario with 0% WQS violation rateSelect scenario with 0% WQS violation rate



EXAMPLE ALLOCATIONEXAMPLE ALLOCATION

9.99E+159.99E+15TotalTotal

2.95E+142.95E+14ForestForest

9.53E+159.53E+15PasturePasture

1.16E+131.16E+13CroplandCropland

1.61E+141.61E+14ResidentialResidential

LandLand--basedbased

1.58E+141.58E+14TotalTotal
5.93E+135.93E+13WildlifeWildlife

1.76E+121.76E+12LivestockLivestock

8.09E+138.09E+13Straight PipesStraight Pipes

DirectDirect

Existing Condition Existing Condition 
LoadLoad

(cfu/yr)(cfu/yr)

SourceSource



EXAMPLE ALLOCATION SCENARIOSEXAMPLE ALLOCATION SCENARIOS

0000005050505050500010010010010033

101000002525252525250010010010010022

34345050000000007575757510010011

353575750000000000000000

InstantaneousInstantaneousGeometricGeometric
MeanMean

ForestForestResidentialResidentialPasturePastureCroplandCroplandWildlifeWildlife
DDDD

LivestockLivestock
DDDD

StraightStraight
PipesPipes

% Violation of % Violation of E. coliE. coli
StandardStandard

Percent Reduction in Fecal Coliform Loading From Existing ConditPercent Reduction in Fecal Coliform Loading From Existing Conditionsions
ScenarioScenario
NumberNumber



EXAMPLE ALLOCATIONEXAMPLE ALLOCATION

5.15E+155.15E+159.99E+159.99E+15TotalTotal

002.95E+142.95E+142.95E+142.95E+14ForestForest

50504.77E+154.77E+159.53E+159.53E+15PasturePasture

50505.80E+125.80E+121.16E+131.16E+13CroplandCropland

50508.05E+138.05E+131.61E+141.61E+14ResidentialResidential

LandLand--basedbased

5.93E+135.93E+131.58E+141.58E+14TotalTotal

005.93E+135.93E+135.93E+135.93E+13WildlifeWildlife

1001000.00E+000.00E+001.76E+121.76E+12LivestockLivestock

1001000.00E+000.00E+008.09E+138.09E+13Straight PipesStraight Pipes

DirectDirect

ScenarioScenario
ReductionReduction

(%)(%)

TMDL Allocation TMDL Allocation 
LoadLoad

(cfu/yr)(cfu/yr)

Existing Condition Existing Condition 
LoadLoad

(cfu/yr)(cfu/yr)

SourceSource



EXAMPLE TMDLEXAMPLE TMDL



WHAT’S NEXT?WHAT’S NEXT?
ModelingModeling

Hydrology calibration and  validationHydrology calibration and  validation

First public meeting First public meeting -- Presentation of watershed history, pollutant Presentation of watershed history, pollutant 
source inventory, and modelingsource inventory, and modeling

Additional modelingAdditional modeling
Water quality model calibration and validationWater quality model calibration and validation

Allocation developmentAllocation development
Scenario development, assessment of scenarios, selection of Scenario development, assessment of scenarios, selection of 
allocationallocation

Final public meeting Final public meeting -- Presentation of model results, allocation Presentation of model results, allocation 
scenarios, and draft TMDL documentscenarios, and draft TMDL document



FOR INFORMATION, CONTACT:FOR INFORMATION, CONTACT:

Kelly Hitchcock, Virginia’s Region 2000 Local Kelly Hitchcock, Virginia’s Region 2000 Local 
Government CouncilGovernment Council
(434) 845 (434) 845 –– 34913491
khitchcock@region2000.orgkhitchcock@region2000.org

Kelly Wills, Virginia Department of Environmental Kelly Wills, Virginia Department of Environmental 
QualityQuality –– South Central Regional OfficeSouth Central Regional Office
(434) 582 (434) 582 –– 62426242
kwills@deq.virginia.govkwills@deq.virginia.gov

C.J. Mitchem, Engineering Concepts, Inc.C.J. Mitchem, Engineering Concepts, Inc.
(540) 473 (540) 473 –– 12531253
cmitchem@engineeringconcepts.comcmitchem@engineeringconcepts.com


